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300
NSCOVER ANOTHER AUDIO QUTPUT 302

NEVICE CONNECTED TO THE NETWORK
TRANSMIT A FIRST MESSAGE TO THE OTHER AUDIO OUTRPUT 304

DEVICE FOR CHECKING WHETHER THE OTHER AUDIO QUTPUT
DEVICE I COMPATIBLE WITH THE AUDIO OUTPUT DEVICE

RECEIVE, IN RESPONSE TO THE FIRST MESSAGE, A 306
SECOND MESSAGE FROM THE OTHER AUDIC QUTRPUT
DEVICE INDICATING WHETHER THE OTHER AUDIO QUTPRPUT
DEVICE IS COMPATIBLE WITH THE AUDIO QUTPUT DEVICE

DETERMINE BASED ON THE SECOND MESSAGE, 308
WHETHER THE OTHER AUDIO QUTPUT DEVICE IS
COMPATIBLE WITH THE AUDIO QUTPUT DEVICE

Fig. 3
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COMPATIBILITY CHECK IN A NETWORK
OF SYNCHRONIZED SPEAKERS

FIELD

Aspects of the disclosure generally relate to synchronized
audio output from multiple speakers, and more specifically
to techniques for checking and determining compatibility
between speakers of a network of synchronized speakers.

BACKGROUND

Audio output devices such as audio speakers are available
in several hardware configurations and can use a range of
technologies for processing and rendering audio streams and
for communicating with other devices including audio 1nput
devices and other audio speakers. For example, speakers
range from Bluetooth® speakers, Wi-F1™ speakers, Audio
for Video speakers (e.g., sound bars) and speakers that use
other communication protocols. The wide array of speaker
architectures, configurable speaker network topologies and
communication technologies (e.g., Bluetooth, Wi-Fi etc.)
used by the speakers to communicate with other devices
makes interoperation and synchronization between speaker
devices complicated and diflicult to coordinate and execute.

SUMMARY

All examples and features mentioned herein can be com-
bined 1n any technically possible manner.

Aspects of the present disclosure provide a method per-
tormed by an audio output device connected to a network for
performing compatibility check. The method generally
includes discovering another audio output device connected
to the network, transmitting a first message to the other
audio output device for checking whether the other audio
output device 1s compatible with the audio output device,
receiving, in response to the first message, a second message
from the other audio output device indicating whether the
other audio output device 1s compatible with the audio
output device, and determining, based on the second mes-
sage, whether the other audio output device 1s compatible
with the audio output device.

In an aspect, the first message includes capabilities sup-
ported by the audio output device that correspond to at least
one of media formats or protocol versions relating to trans-
port and control of audio tlow between audio output devices.

In an aspect, the second message indicates whether the
other audio output device supports one or more of the
capabilities supported by the audio output device that cor-
respond to the at least one of media formats or protocol
versions relating to transport and control of audio flow
between audio output devices.

In an aspect, the indication comprises a one-bit flag
indicating whether the other audio output device 1s compat-
ible with the audio output device.

In an aspect, the method further comprises communicat-
ing, to a control enftity, information regarding whether the
other audio output device 1s compatible with the audio
output device.

In an aspect, the communicating 1s 1n response 1o receiv-
ing a request from the control entity to form an audio group
with the other audio output device.

In an aspect, 1n response to the information comprising an
indication that the other audio output device 1s incompatible

10

15

20

25

30

35

40

45

50

55

60

65

2

with the audio output device, the other audio output device
receives a capabilities supported update to resolve the
incompatibility.

In an aspect, the method further comprises receiving an
audio stream from an audio source after determining based
on the second message that the other audio output device 1s
compatible with the audio output device; determining that
the other audio output device does not support a format
associated with the audio stream; and reporting an error
message to a control entity indicating that the other audio
output device does not support the format associated with
the audio stream.

In an aspect, in response to the error message, the other
audio output device receives a software update to support
the format associated with the audio stream.

Aspects of the present disclosure provide an audio sys-
tem. The audio system generally includes a set of two or
more audio output devices configured to output synchro-
nized audio; and a set of instructions configured to control
the set of audio output devices. An audio output device in the
set 15 generally configured to discover another audio output
device in the set, transmit a first message to the other
discovered audio output device in the set for checking
whether the other audio output device 1s compatible with the
audio output device, receive, 1n response to the first mes-
sage, a second message from the other audio output device
indicating whether the other audio output device 1s compat-
ible with the audio output device, and determine, based on
the second message, whether the other audio output device
1s compatible with the audio output device.

In an aspect, 1n response to a determined incompatibility
between the other audio output device and the audio output
device, the other audio output device receives a soltware
update.

In an aspect, the first message includes capabilities sup-
ported by the audio output device that correspond to at least
one of media formats or protocol versions relating to trans-

port and control of audio tlow between the audio output
devices 1n the set.

In an aspect, the second message indicates whether the
other audio output device supports one or more of the
capabilities supported by the audio output device that cor-
respond to the at least one of media formats or protocol
versions relating to transport and control of audio flow
between the audio output devices in the set.

In an aspect, at least one audio output device 1n the set 1s
further configured to receive, from a control device, a
request to form an audio group with one or more other audio
devices 1n the set, wherein synchronized audio i1s to be
output from the audio output devices in the audio group; and
report, to the control device and in response to the request,
a determined incompatibility with one or more audio output
device to be included 1n the audio group.

In an aspect, after an audio group has been formed
comprising one or more audio output devices 1n the set, at
least one audio output device from the audio group 1is
configured to receive an audio stream from the control
device; determine that at least one other audio device does
not support a format associated with the audio stream; and
report an error message to the control device indicating that
the at least one other audio output device does not support
the format associated with the audio stream.

In an aspect, the at least one audio output device from the
audio group 1s further configured to recerve, 1n response to
the error message, a software update for resolving incom-
patibility in the format; and forward the software update to
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the at least one other audio output device for updating
software of the at least one other audio output device.

Aspects of the present disclosure provide an audio output
device connected to a network for performing compatibility
check. The audio output device generally includes at least
one processor and a memory coupled to the at least one
processor. The at least one processor 1s generally configured
to discover another audio output device connected to the
network, transmit a first message to the other audio output
device for checking whether the other audio output device 1s
compatible with the audio output device, wherein the first
message mncludes protocol versions supported by the audio
output device that correspond to transport, and control of
audio flow between audio output devices; receive, 1n
response to the first message, a second message from the
other audio output device indicating whether the other audio
output device 1s compatible with the audio output device;
and determine, based on the second message, whether the
other audio output device 1s compatible with the audio
output device.

In an aspect, the second message indicates whether the
other audio output device supports the protocol versions
supported by the audio output device that correspond to the
transport and control of audio tlow between audio output
devices.

In an aspect, wherein the at least one processor 1s further
configured to receive, from a control device, a request to
form an audio group with the other audio output device,
wherein synchronized audio i1s to be output from audio
output devices in the audio group; and report, to the control
device and 1n response to the request, an indication that the
other audio output device 1s imncompatible with the audio
output device.

In an aspect, the at least one processor 1s further config-
ured to receive a protocol update for resolving a determined
incompatibility with the other audio output device; and
update at least one of the audio output device or the other
audio output device based on the protocol update to resolve
the incompatibility.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates an example audio distribution system in
which aspects of the present disclosure can be practiced.

FI1G. 2 1llustrates an exemplary wireless speaker package,
in accordance with certain aspects of the present disclosure.

FIG. 3 illustrates example operations that can be per-
tormed by an audio output device connected to a network of
an audio distribution system (e.g., System 100 of FIG. 1) for
performing compatibility check, 1n accordance with certain
aspects of the present disclosure.

FIG. 4 illustrates an example master-slave audio system
of audio output devices in which aspects of the present
disclosure can be practiced.

FIG. 35 illustrates an example speaker system in which
proactive compatibility check can be performed, 1n accor-
dance with certain aspects of the present disclosure.

DETAILED DESCRIPTION

Audio output devices such as audio speakers are available
in several hardware configurations and can use a range of
technologies for processing and rendering audio streams and
for communicating with other devices including audio mput
devices and other audio speakers. Example speakers include
Bluetooth® speakers, Wi-F1™ speakers, Audio for Video

speakers (e.g., sound bars) and speakers that use other
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communication protocols. The wide array of speaker archi-
tectures, configurable speaker network topologies, software/
firmware used by the speakers for transport and control of
audio flow, and communication technologies (e.g., Blu-
ctooth, Wi-F1 etc.) used by the speakers to communicate
with other devices makes interoperation and synchroniza-
tion between speaker devices complicated and difhicult to
coordinate and execute.

For example, in order for a set of speakers to interoperate
as a group and output the same piece of audio 1n a synchro-
nized (or near unsynchronized) manner, the speakers must
be compatible with each other in terms of one or more
soltware/firmware protocols governing transport and control
of audio flow between the speakers. However, maintaining
compatibility between speakers can be challenging. For
example, release and update of new speaker firmware to
speaker products asynchronously (e.g., individually and not
as a group) and/or asynchronously from product use (e.g.,
overnight) creates the potential for products to have drasti-
cally different versions of firmware and therefore speaker to
speaker protocol differences. Additionally or alternatively,
incompatibilities can be created as new speakers are added
to a system, new capabilities are added to existing speakers
and/or speaker functionalities are morphed in support of
speaker grouping behaviors.

Certain aspects of the present disclosure discuss tech-
niques for checking and determining compatibility between
audio output devices (e.g., speaker products) of an audio
system 1n a consistent, well-organized and extensible man-
ner.

FIG. 1 1llustrates an example audio distribution system
100 1n which aspects of the present disclosure can be
practiced.

Audio distribution system 100 can be used to accomplish
audio synchromization between audio output devices, and
includes non-limiting examples of wireless speaker pack-
ages and other wireless audio sources and sinks that can be
involved in this audio synchronization. In an aspect, system
100 15 adapted to deliver digital audio (e.g., digital music).
As shown, system 100 includes a number of audio output
devices 122, 124 and 126 which are among a group of audio
output devices 120 of the system 100. In an aspect, each of
the audio output devices 1s a wireless speaker package that
1s able to receive digital audio signals and convert them to
analog form. The speaker packages also include an electro-
acoustic transducer that receives the analog audio signals
and transduces them 1nto sound. The wireless speaker pack-
ages also mclude at least one processor for processing audio
data. The group of audio output devices 120 can include
speaker packages with different hardware architectures and
audio configurations. Further, the speaker packages can
support different software/firmware protocols and protocol
versions thereot for transport and control of audio flows, and
further can support different media file formats (e.g., mp3,
mp4 etc.). Further, different speaker packages can support
different wired and/or wireless communication technologies
(e.g., Bluetooth, Wi-F1, Apple Airplay®, Apple Airplay® 2
a proprietary protocol stack/suite developed by Apple Inc.,
with headquarters in Cupertino, Calif., that allows wireless
streaming of audio, video, and photos, together with related
metadata between devices, etc.) to wirelessly communicate
with other speaker packages in the group as well as other
devices 1n the system 100. In an aspect, one or more of the
speaker packages can support multiple wired and/or wireless
communication technologies and can be configured (e.g., by
a user) to communicate using one of the supported commu-
nication technologies at one time.
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System 100 further includes one or more computing
devices 140 and/or one or more separate local digital audio/
video source devices 146. In this example the computing
devices include a personal computer 142 and a mobile
computing device 144 such as a smartphone, tablet or the
like. In an aspect, the computing devices 140 and the digital
audio video devices 146, like the audio output devices, can
support different wired and wireless communication tech-
nologies (e.g., Bluetooth, Wi-F1, Apple Airplay®, Apple
Airplay® 2 etc.) for communicating with other devices in
the system 100. In an aspect, each of the computing devices
140 and the digital audio/video source devices 146 can
support multiple wired and/or wireless communication tech-
nologies.

In an aspect, each device 1n the system 100 that 1s capable
of Wi-Fi1 communication can be connected to a network 130
via a router/access point 132 and can communicate with
other Wi-F1 enabled devices in the system 100 over the
network 130 via the router/access point 132. In this example,
as shown, the audio output devices from group 120, the
computing devices 140 and the digital audio/video source
devices 146 are connected to the network 130 via the
router/access point 132. In this example, the network 130 1s
part ol a wireless Local Area Network (WLAN) 112 which
1s connected to a wide area network (WAN) 114 by con-
nection to Internet 156. WAN 114 1ncludes a server 150 and
an Internet radio service 152 which can both communicate
with LAN 112 via the Internet 156.

In certain aspects, one or more of the computing devices
140 and the digital audio/video source device 146 can be
connected to one or more of audio output devices 120 via a
personal area network (PAN) 133 (e.g., a wireless PAN).
PAN 133 can comprise a direct point-to-point wireless
connection (e.g., using Bluetooth, Apple Airplay®, Apple
Airplay® 2 or other point to point protocol) between the
devices 140/146 and one or more of the audio output devices
122, 124 or 126. In an aspect, one or more of the audio
output devices 120 can be capable of communicating with
other audio output devices within the group wvia other
wireless communication methods (e.g., other than Wi-Fi)
including point-point Bluetooth.

In an aspect, the sources of digital audio including the
computing devices 140 and the digital audio/video source
device 146 provide access to content such as audio streams
that are communicated over network 130 and/or network
133 to the audio output devices. The sources of such audio
streams can include, for example, Internet radio stations
sourced by an internet radio service such as internet radio
service 152 and user defined playlists. Each of such digital
audio sources maintains a repository of audio content which
can be chosen by the user to be played over one or more of
the audio output devices. Such digital audio sources can
include Internet-based music services such as Pandora®,
Spotily® and Tuneln®, for example. The digital audio/
video source device 146 can include a network attached
storage device. Media server applications running on the PC
142 and the mobile computing device 144 can be used to
access digital content over the internet and source audio data
for outputting by one or more audio output devices. Typi-
cally, the user selects the audio source and the audio output
devices via PC 142 and/or mobile device 144.

In certain aspects, one or more ol the computing devices
140 1including the PC 142 and/or the mobile device 144 can
be used as a control entity for managing creation and control
of speaker groups for synchronized audio output. For
example, a soltware application accessible via the PC 142 or
the mobile device 144 can be operated by a user to create
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new speaker groups or manage existing speaker groups for
playback of synchronized audio by the speakers in a created
group of speakers.

FIG. 2 illustrates an exemplary wireless speaker package
200, 1n accordance with certain aspects of the present
disclosure. As shown, the wireless speaker package 200
includes an enclosure 210. In the enclosure 210 resides an
optional graphical interface 212 (e.g., an OLED display)
which can provide the user with information regarding
currently playing (“Now Playing”) music. The speaker
package 200 includes one or more electro-acoustic trans-
ducers 215 for outputting audio. Wireless speaker package
device 200 also includes a user input interface 216. The user
input interface 216 can include a plurality of preset indica-
tors, which can be hardware buttons. The preset indicators
can provide the user with easy, one press access to entities
assigned to those buttons. The assigned entities can be
associated with different ones of the digital audio sources
such that a single wireless speaker package 200 can provide
for single press access to various different digital audio
sources.

Wireless speaker package 200 also includes a network
interface 220, at least one processor 222, audio hardware
224, power supplies 226 for powering the various compo-
nents of the speaker package 200, and memory 228. In an
aspect, the processor 222, the graphical interface 212, the
network interface 220, the audio hardware 224, the power
supplies 226, and the memory 228 are interconnected using,
vartous buses, and several of the components can be
mounted on a common motherboard or 1n other manners as
appropriate.

The network interface 220 provides for communication
between the wireless speaker package 200 and one or more
audio sources and other networked wireless speaker pack-
ages and other audio playback devices via one or more
communications protocols. The network interface 220 can
provide either or both of a wireless interface 230 and a wired
interface 232. The wireless interface 230 allows the wireless
speaker package 200 to communicate wirelessly with other
devices 1n accordance with a communication protocol such
as IEEE 802.11. The wired interface 232 provides network
interface functions via a wired (e.g., Ethernet) connection.

In certain aspects, the network interface 220 can also
include a network media processor 234 for supporting Apple
AirPlay® and/or Apple Airplay® 2. For example, 1f a user
connects an AirPlay® or Apple Airplay® 2 enabled device,
such as an 1Phone or 1Pad device, to the network, the user
can then stream music to the network connected audio
playback devices via Apple AirPlay® or Apple Airplay® 2.
Notably, the audio playback device can support audio-
streaming via AirPlay®, Apple Airplay® 2 and/or DLNA’s
UPnP protocols, and all integrated within one device.

All other digital audio received as part of network packets
comes straight from the network media processor 234
through a USB bridge 236 to the processor 222 and runs into
the decoders, DSP, and eventually 1s played back (rendered)
via the electro-acoustic transducer(s) 2185.

The network interface 220 can also include a Bluetooth
circuitry 238 for Bluetooth applications (e.g., for wireless
communication with a Bluetooth enabled audio source such
as a smartphone or tablet) or other Bluetooth enabled
speaker packages.

Streamed data passes from the network interface 220 to
the processor 222. The processor 222 can execute mnstruc-
tions within the wireless speaker package (e.g., for perform-
ing, among other things, digital signal processing, decoding,
and equalization functions), including instructions stored 1n
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the memory 228. The processor 222 can be implemented as
a chipset of chips that includes separate and multiple analog
and digital processors. The processor 222 can provide, for
example, for coordination of other components of the audio
speaker package 200, such as control of user interfaces,
applications run by the audio playback device 200 and the
like.

In certain aspects, the memory 228 stores soltware/firm-
ware related to protocols and versions thereof used by the
speaker package 200 for commumicating with other net-
worked speakers. For example the software/firmware gov-
erns how the speaker package 200 communicates with other
speakers for synchromzed playback of audio. In an aspect,
the software/firmware 1includes lower level frame protocols
related to control path management and audio path manage-
ment. The protocols related to control path management
generally include protocols used for exchanging messages
between speakers. The protocols related to audio path man-
agement generally include protocols used for clock synchro-
nization, audio distribution/frame synchronization, audio
decoder/time alignment and playback of an audio stream. In
an aspect, the memory can also store various codecs sup-
ported by the speaker package for audio playback of respec-
tive media formats. In an aspect, the software/firmware
stored 1n the memory can be accessible and executable by
the processor 222 for synchronized playback of audio with
other networked speaker packages.

The processor 222 provides a processed digital audio
signal to the audio hardware 224 which includes one or more
digital-to-analog (D/A) converters for converting the digital
audio signal to an analog audio signal. The audio hardware
224 also includes one or more amplifiers which provide
amplified analog audio signals to the electroacoustic trans-
ducer(s) 215 for sound output. In addition, the audio hard-
ware 224 can include circuitry for processing analog input
signals to provide digital audio signals for sharing with other
devices, for example, other speaker packages for synchro-
nized output of the digital audio.

The memory 228 can include, for example, flash memory
and/or non-volatile random access memory (NVRAM). In
some 1mplementations, instructions (e.g., software) are
stored 1n an information carrier. The instructions, when
executed by one or more processing devices (e.g., the
processor 222), perform one or more processes, such as
those described elsewhere herein. The mstructions can also
be stored by one or more storage devices, such as one or
more computer or machine-readable mediums (for example,
the memory 228, or memory on the processor). The mstruc-
tions can 1nclude nstructions for performing decoding (1.¢.,
the software modules include the audio codecs for decoding,
the digital audio streams), as well as digital signal process-
ing and equalization.

As discussed above, aspects of the present disclosure
discuss techniques for checking and determining compat-
ibility between audio output devices (e.g., speaker products)
of an audio system 1n a consistent, well-organized and
extensible manner. Certain aspects also discuss how 1incom-
patibility of speakers can be resolved.

FIG. 3 illustrates example operations 300 that can be
performed by an audio output device connected to a network
of an audio distribution system (e.g., system 100 of FIG. 1)
for performing compatibility check, in accordance with
certain aspects ol the present disclosure. In an aspect, the
audio output device includes a master speaker package
configured to recerve an audio stream from an audio mput
device (e.g., PC, mobile device, digital audio source, etc.)
and distribute the audio stream to other secondary/slave
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speaker packages. In an aspect, the network can include a
network of audio output and audio 1mnput devices as shown
in FIG. 1 configured for interoperation.

Operations 300 begin at 302 1n this example implemen-
tation, by discovering another audio output device con-
nected to the network. At 304, the audio output device
transmits a first message to the other audio output device for
checking whether the other audio output device 1s compat-
ible with the audio output device. At 306, 1n response to the
first message, the audio output device receives a second
message irom the other audio output device indicating
whether the other audio output device 1s compatible with the
audio output device. At 308, the audio output device deter-
mines, based on the second message, whether the other
audio output device 1s compatible with the audio output
device.

In certain aspects, synchronized playback of an audio
stream by two or more speaker packages can be accom-
plished using a master-slave architecture in which one
speaker package serves as a master and receirves and dis-
tributes to the other speaker packages a stream of audio data.

FIG. 4 illustrates an example master-slave audio system
400 of audio output devices 1n which aspects of the present
disclosure can be practiced. In an aspect, the audio system
400 can be a portion of the audio distribution system 100
discussed 1 FIG. 1.

In certain aspects, audio system 400 can be used for
synchronized output of an audio stream from multiple audio
output devices of the system 400. As shown, audio system
400 1ncludes an audio mput source 402 that communicates
with wireless speaker package 404 over a connection 403. In
an aspect, the connection 103 can be a wireless Bluetooth or
Wi-F1 connection, or can use any other wired or wireless
communication network protocol now known or hereafter
developed. System 400 includes one or more additional
wireless speaker packages, which 1n this example 1mple-
mentation includes four additional wireless speaker pack-
ages 408, 410, 412 and 414. Normally, but not necessarily,
in the case where there are multiple wireless speaker pack-
ages that are part of the system 400, one wireless speaker
package (wireless speaker package 404 1n this case) func-
tions as the master or primary device (designated as M 1n
FIG. 4) and the other wireless speaker packages (408, 410,
412 and 414 1n this case) function as slave or secondary
devices. Master device 404 receives audio data from source
402 and distributes 1t to slaves 408, 410, 412 and 414. In
certain aspects, such audio distribution can use any wired or
wireless network protocol such as Wi-F1 via wireless access
poimnt/router 132 (as shown in FIG. 1) or point to point
Bluetooth protocol. In this example, each of the wireless
speaker packages 404, 408, 410, 412 and 414 1s configured
to play the audio. In an aspect, the audio playback among the
speaker packages can be (but need not be) synchronized
such that they all play the same audio at the same time. In
an aspect, one or more of the speaker packages can play the
audio stream at a purposeful or selected (e.g., via user
configuration) phase difference compared to one or more
other speaker packages.

In this example, as shown 1 FIG. 4, the slave speaker
packages include a secondary speaker package 410 (desig-
nated by S), a left-right speaker pair including a lett speaker
412 (designate by L) and a right speaker 414 (designated by
R), and a Bluetooth (BT) speaker 408. In an aspect, the right
speaker 414 1s secondary to the left speaker 412 in the
left-right speaker pair, such that the right speaker 414 1is
controlled by the left speaker 412. In this example, the slave
speakers 410, 412 and 414 communicate with the master
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speaker 404 via Wi-Fi technology while the BT speaker 408
communicates with the master speaker 404 using Bluetooth
technology. It can be noted that that such connections could
operate using one or more other wireless protocols or
technologies, and 1n some 1mplementations, one or more
speakers directly or indirectly connected to master 404
include a wired connection to at least one other speaker 1n
the system 400.

In an example configuration, the master speaker package
404 1ncludes a sound bar device receiving an audio stream
from an audio source and outputting audio that lip-syncs
with video played on a video output device (not shown). In
such an example configuration, the secondary speaker 410
could include a surround speaker and/or a base speaker 1n
the same room as the master speaker 404, such as for
surround sound system. Further, in such an example con-
figuration, the BT speaker 408 could include a pair of
Bluetooth headphones that connect to the master speaker
and enable a user to listen to the audio stream at a different
volume. Further, in such an example configuration, the
left-right speaker pair 412 and 414 can be out-of-room
speakers placed, for example, in another room or 1n an
outdoor area of a house.

The slave devices 408, 410, 412 and 414 can be synched
to the master 404 using a clock synchronization algorithm
that keeps the current clock time on all of the slave devices
synchronized with that of the master device 404. The
devices all have clocks that are synched to a common
reference clock. In an aspect, the clock synchromization
algorithm 1s separate and aside from the audio stream. For
example, 1n an 1mplementation, master 404 manages the
audio stream, whereas another speaker (such as 412) man-
ages the clock synchronization algorithm. Clock data related
to the clock synchronization algorithm can be provided by
the master to the slaves periodically (e.g., every few sec-
onds) to keep the slave devices updated and 1n sync with the
master.

Additionally or alternatively, 1n an example implementa-
tion of system 400, the audio mput source 402 includes a
control entity that controls configuration and management of
speaker groups for synchronized audio output by speakers 1n
a configured group of speakers. In certain aspects, audio
input source 402 can be a PC 142 or a mobile device 144 (as
shown 1n FIG. 1) and the control entity can be a software
application mstalled on the PC 142 or the mobile device 144
accessible to the user via a user 1interface. In an aspect, using
the control entity via the user interface, the user can create
and configure new speaker groups, or can manipulate exist-
ing speaker groups by adding new speakers or dropping one
or more speakers. The control entity can also be configured
to (automatically or upon user mput) obtain compatibility
information of particular speakers and send software/firm-
ware updates to the speakers to resolve any detected incom-
patibilities.

In certain aspects, one or more types of compatibility
checks can be defined, including a proactive compatibility
check and a reactive compatibility check, to provide some
examples.

In certain aspects, the proactive compatibility check
includes determining compatibility of speakers connected to
the same network for synchronized playback of an audio
stream, before two or more of the networked speakers are
configured (e.g., by the control entity) as a group of speakers
tor synchronized audio playback. In an aspect, the proactive
compatibility check only checks compatibility between the
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networked speakers of lower level frame protocols includ-
ing, for example, protocols related to control and audio paths
discussed above.

In certain aspects, the reactive compatibility check
includes determiming compatibility of speakers in a config-
ured group of speakers for the synchronized playback. In an
aspect, the reactive compatibility check includes checking
compatibility between speakers of a configured group for
one or more media file formats (e.g., audio codecs) related
to playback of audio content by the speakers, which 1s not
ultimately known until a speaker or group 1s actively playing
a selected media file.

In certain aspects, as part of the proactive compatibility
check, a network speaker checks i1 one or more other
speakers connected to the same network are compatible for
synchronized playback of audio content. In an aspect, this
includes a first networked speaker sending a message to a
second networked speaker for checking whether the second
speaker 1s compatible with the first speaker. In an aspect, the
first message 1ncludes capabilities of the first speaker. For
example, the capabilities can correspond to media formats
supported by the first speaker and/or protocol versions of
control path and audio path protocols supported by the first
speaker. In an aspect, the second speaker, in response to
receiving the first message, determines if the capabilities
supported included 1n the first message are compatible with
corresponding capabilities supported by the second speaker.
In an aspect, 1n order to determine the compatibility, the
second speaker compares each media format received 1n the
first message with the media formats supported by the
second speaker. In an aspect, the second speaker determines
that one or more media formats received 1n the first message
1s compatible 11 the second speaker supports the same one or
more media formats, or supports a compatible newer or
older media format. In an aspect, the second speaker deter-
mines 11 1t 1s compatible with the first speaker based on the
determined compatibility of individual media formats. In an
aspect, the second speaker determines that 1t 1s compatible
with the first speaker only if 1t has corresponding compatible
media format support for each media format recerved in the
first message. In an aspect, the second speaker determines
that 1t 1s compatible with the first speaker even 1f 1t only
supports a subset (less than the total) of corresponding
compatible media formats for media formats received in the
first message (e.g., one or more commonly utilized media
formats).

In an aspect, 1n order to determine the compatibility, the
second speaker compares each protocol version recerved 1n
the first message with a corresponding protocol (if any)
supported by the second speaker. In an aspect, the second
speaker determines that a particular control path or audio
path protocol version received 1n the first message 1s com-
patible if the second speaker supports the same protocol
version, or supports a compatible newer or older protocol
version. In an aspect, the second speaker determines 1f 1t 1s
compatible with the first speaker based on the determined
compatibility of individual protocol versions. In an aspect,
the second speaker determines that 1t 1s compatible with the
first speaker only 11 1t has corresponding compatible protocol
versions for each protocol version received in the first
message. In an aspect, the second speaker determines that 1t
1s compatible with the first speaker even if 1t only supports
a subset (less than the total) of corresponding compatible
protocol versions for protocol versions received 1n the first
message (e.g., one or more commonly utilized protocol
versions). In some implementations, compatibility of sup-
port for both media formats and protocol versions for
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transport and control of audio flow between audio output
devices are determined using the techniques variously
described herein. In this manner compatibility across ver-
s1ons of software can be maximized leaving the coverage of
compatibility between versions flexible.

In certain aspects, the second speaker, based on 1ts deter-
mination of compatibility, sends an indication to the first
speaker ol whether the second speaker 1s compatible with
the first speaker. In an aspect, the indication 1s as simple as
a one-bit flag indicating whether or not the second speaker
1s compatible with the first speaker. In some aspects, the
second speaker only sends data to the first speaker, the data
allowing the first speaker to make a determination regarding
compatibility. Additionally, or alternatively, the second
speaker sends a list of protocol versions supported by the
second speaker, 1n some aspects. In some such aspects, the
list of protocol versions supported can either be a total list
or a list that corresponds to the protocol versions supported
by the first speaker.

In certain aspects, in the master-slave configuration of
system 400 the first speaker can be any one of the speakers
404, 408, 410, 412 and 414 (including master and slave
speakers), and the second speaker can be any one of the
remaining speakers.

In certain aspects, the proactive compatibility check can
be triggered by a number of events. In an aspect, the
proactive compatibility check is triggered when the system
(e.g., system 100, 400) 1s powered up. In an aspect, when the
system 1s powered up, each speaker 1n the system performs
compatibility check with each other speaker 1in the system.
In an aspect, the proactive compatibility check i1s triggered
based on a predefined time period (e.g., once every night at
a default or user-specified time). In an aspect, the proactive
compatibility check 1s triggered when a speaker within the
system (e.g., system 100, 400) 1s added to the system. In an
aspect, the proactive compatibility check 1s triggered when
a speaker within the system (e.g., system 100, 400) is
removed from the system. In an aspect, the proactive com-
patibility check 1s performed after a speaker within the
system (e.g., system 100, 400) 1s updated (e.g., via instal-
lation of a software/firmware update) or upgraded (e.g., via
installation of a hardware upgrade). In an aspect, the pro-
active compatibility check 1s triggered manually, such as by
a user selecting an option to perform the check. In an aspect,
the proactive compatibility check 1s triggered randomly. In
some 1mplementations, any or all of the described triggers
can be used to perform the proactive compatibility check.

FIG. 5 1llustrates an example speaker system 500 in which
proactive compatibility check can be performed, 1n accor-
dance with certain aspects of the present disclosure. System
500 1ncludes a primary/master speaker 502 and secondary/
slave speakers 504 and 506. In an aspect, each of the
speakers 1s connected to each other speaker via a wired or
wireless connection. The master speaker 502 1s further
connected (wired or wirelessly) to an audio source device
510 including a control entity 310 for managing speaker
groupings and, in some aspects, other functionality. In
certain aspects, as the system 300 1s powered up, each
speaker 1n the system discovers the presence of each other
speaker, for example, connected to the same network. This
can occur, for example, one speaker at a time or all at once.
Additional or alternative triggers can cause the proactive
compatibility check to occur (e.g., as previously described
herein). Once the speakers have discovered other speakers,
as part of the proactive compatibility check, each of the
speakers 502, 504 and 506 transmuits a first message to each
other speaker to check compatibility with the other speakers.
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Each other speaker, 1n response to receiving the first mes-
sage, transmits back a second message including an indica-
tion of compatibility. The first message can include protocol
versions related to control path and audio path protocols
(e.g., as previously described herein). In some 1implementa-
tions, the second message includes an indicator (e.g., a
one-bit flag) indicating whether target speaker receiving the
first message 1s compatible with the source speaker trans-
mitting the first message.

In certain aspects, each speaker, upon completing the
proactive compatibility check, transmits the respective com-
patibility information to the master speaker 502. In an
aspect, the compatibility information includes information
regarding whether each speaker 1s compatible with each
other speaker. For example, compatibility information trans-
mitted by speaker 504 1includes information regarding
whether speaker 504 1s compatible with speakers 502 and
506. Similarly, compatibility information transmitted by
speaker 506 includes information regarding whether speaker
506 1s compatible with speakers 502 and 504. The master
speaker maintains a list of the speaker compatibilities and
provides the compatibility information to the control entity
as needed, 1n some 1mplementations. In other implementa-
tions, the control entity (e.g., a cloud-based database) main-
tains the list of speaker compatibilities and provides the
compatibility information to the speakers as needed.

In certain aspects, the proactive compatibility check as
shown 1n FIG. 5 can be triggered when software/firmware of
one or more of the speakers 1s updated. Additionally or
alternatively, the proactive compatibility check can be trig-
gered periodically, at configured times, or user triggered.

In certain aspects, once the speakers are powered up and
the proactive compatibility has been completed by a speaker
system, the master speaker 1s ready to receive a request to
create a new audio group of speakers for synchronized audio
output. For example, with reference to FIG. 4, the master
speaker 404 can receive a request from the control entity to
create an audio group including speakers 404, 410 and 408.
In response to recerving the request, the master speaker 404
can check the compatibility between the speakers 404, 410

and 408, for example, based on the compatibility informa-
tion locally stored at the master speaker 404. If the master
speaker determines that all speakers 404, 410 and 408 are
compatible with each other, the master speaker 404 creates
the audio group. In an aspect, if the master speaker 404
determines that any one or more of the speakers 404, 410 or
408 1s incompatible with any of the other speakers, the
master speaker generates and transmits an error message
back to the control entity. In an aspect, the error message
includes specific information regarding the imncompatibility.
For example, the error message includes an 1dentity of each
speaker that 1s incompatible. Additionally or alternatively,
the error message can include mformation regarding one or
more protocol versions of the mcompatible speaker. In an
aspect, the control entity, upon receiving the error message,
can obtain an approprate software/flirmware update for the
incompatible speaker and send the update to the incompat-
ible speaker. In an aspect, the control enfity sends the
soltware/firmware update to the master speaker and the
master speaker forwards the update to the respective incom-
patible slave or secondary speaker. In another aspect, the
control entity sends the software/firmware update directly to
the mcompatible slave or secondary speaker. In an aspect,
the software/firmware updates include protocol version
updates that can resolve the incompatibility.
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In certain aspects, once the proactive compatibility check
1s completed and a set of speakers are found compatible with
cach other, two or more speakers from the set can be allowed
to create an audio group for synchronized playback of audio.

In certain aspects, the reactive compatibility check can be
performed after an audio group 1s successiully established.
In an aspect, once an audio group of speakers 1s successiully
established, the speakers are ready to receive requests to
play audio streams. For example, a user can select an audio
track for playing on the configured group of speakers using,
the interface of the control entity. An audio stream corre-
sponding to the selected audio track 1s sent to each speaker
in the audio group. In an aspect, i1f the speakers are 1n a
master-slave configuration, the control entity sends the
audio stream to the master speaker and the master speaker
forwards the audio stream to the slave speakers. At this
point, each of the speakers that receive the playback request
perform a reactive compatibility check, 1n some implemen-
tations. For example, 1n an aspect, the reactive compatibility
check includes checking 1f a particular speaker supports a
media file format associated with the audio stream. In an
aspect, 11 a speaker from the group of speakers determines
that 1t does not support the media file format necessary for
playing back the requested audio stream, the speaker gen-
crates an error message and transmits the error message to
the control entity. In an aspect, 11 the imncompatible speaker
1s a secondary speaker, the speaker can send the error
message to the master speaker for forwarding to the control
entity or the speaker sends the error message directly to the
control entity. In an aspect, the control entity, upon receiving
the error message, can obtain an appropriate software/
firmware update for the incompatible speaker and send the
update to the incompatible speaker. In an aspect, the control
entity sends the software/firmware update to the master
speaker and the master speaker forwards the update to the
respective incompatible slave or secondary speaker. In
another aspect, the control entity sends the software/firm-
ware update directly to the incompatible slave or secondary
speaker. In an aspect, the incompatible slave or secondary
speaker, upon detecting the incompatibility, checks a cloud
service for software/firmware update and can receive the
soltware/firmware update from the cloud service.

In certain aspects, every time a speaker completes updat-
ing its software/firmware (e.g., based on proactive or reac-
tive compatibility checks), the updated speaker or the entire
system reboots. In some such aspects, after the reboot, the
system performs at least one of the proactive or reactive
compatibility checks.

It can be noted that, descriptions of aspects of the present
disclosure are presented above for purposes of illustration,
but aspects of the present disclosure are not intended to be
limited to any of the disclosed aspects. Many modifications
and variations will be apparent to those of ordinary skill 1in
the art without departing from the scope and spirit of the
described aspects.

In the preceding, reference 1s made to aspects presented in
this disclosure. However, the scope of the present disclosure
1s not limited to specific described aspects. Aspects of the
present disclosure can take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident soitware, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that can all
generally be referred to herein as a “component,” “circuit,”
“module” or “system.” Furthermore, aspects of the present
disclosure can take the form of a computer program product
embodied 1n one or more computer readable medium(s)
having computer readable program code embodied thereon.
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Any combination of one or more computer readable
medium(s) can be utilized. The computer readable medium
can be a computer readable signal medium or a computer
readable storage medium. A computer readable storage
medium can be, for example, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples a
computer readable storage medium include: an electrical
connection having one or more wires, a hard disk, a random
access memory (RAM), a read-only memory (ROM), an
crasable programmable read-only memory (EPROM or
Flash memory), an optical fiber, a portable compact disc
read-only memory (CD-ROM), an optical storage device, a
magnetic storage device, or any suitable combination of the
foregoing. In the current context, a computer readable
storage medium can be any tangible medium that can
contain, or store a program.

The flowchart and block diagrams 1n the Figures 1llustrate
the architecture, functionality and operation of possible
implementations of systems, methods and computer pro-
gram products according to various aspects. In this regard,
cach block 1n the tlowchart or block diagrams can represent
a module, segment or portion of code, which comprises one
or more executable mstructions for implementing the speci-
fied logical function(s). In some alternative implementations
the functions noted in the block can occur out of the order
noted i the figures. For example, two blocks shown in
succession can, in fact, be executed substantially concur-
rently, or the blocks can sometimes be executed in the
reverse order, depending upon the functionality involved.
Each block of the block diagrams and/or flowchart 1llustra-
tions, and combinations of blocks in the block diagrams
and/or flowchart illustrations can be implemented by spe-
cial-purpose hardware-based systems that perform the speci-
fied functions or acts, or combinations of special purpose
hardware and computer istructions.

What 1s claimed 1s:

1. A method performed by an audio output device con-
nected to a network for performing compatibility check,
comprising:

discovering another audio output device connected to the

network;

transmitting a first message to the other audio output

device for checking whether the other audio output
device 1s compatible with the audio output device,
wherein the first message comprises at least one of 1)
media formats supported by the audio output device or
11) protocol versions supported by the audio output
device that relate to transport and control of audio tlow
between audio output devices;

receiving, in response to the first message, a second

message from the other audio output device indicating
whether the other audio output device 1s compatible
with the audio output device; and

determiming, based on the second message, whether the

other audio output device 1s compatible with the audio
output device.

2. The method of claim 1, wherein the second message
indicates whether the other audio output device supports at
least one of:

the media formats supported by the audio output device;

or

the protocol versions supported by the audio output

device.
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3. The method of claim 2, wherein the indication com-
prises a one-bit flag indicating whether the other audio
output device 1s compatible with the audio output device.

4. The method of claim 1, further comprising:

communicating, to a control entity, information regarding,

whether the other audio output device 1s compatible
with the audio output device.

5. The method of claim 4, wherein the communicating 1s
1n response to receiving a request from the control entity to
form an audio group with the other audio output device.

6. The method of claim 4, wherein, 1n response to the
information comprising an indication that the other audio
output device 1s incompatible with the audio output device,
the other audio output device receives a capabilities sup-
ported update to resolve the mcompatibility.

7. The method of claim 1, further comprising;:

receiving an audio stream from an audio source after

determining based on the second message that the other
audio output device 1s compatible with the audio output
device;
determining that the other audio output device does not
support a format associated with the audio stream; and

reporting an error message to a control entity indicating
that the other audio output device does not support the
format associated with the audio stream.

8. The method of claim 7, wherein, in response to the error
message, the other audio output device receives a software
update to support the format associated with the audio
stream.

9. An audio system comprising:

a set of two or more audio output devices configured to

output synchronized audio; and

a set of mstructions configured to control the set of audio

output devices,

wherein an audio output device in the set 1s configured to:

discover another audio output device 1n the set;

transmit a first message to the other discovered audio
output device in the set for checking whether the
other audio output device 1s compatible with the
audio output device, wherein the first message com-
prises at least one of 1) media formats supported by
the audio output device or 11) protocol versions
supported by the audio output device that relate to
transport and control of audio flow between audio
output devices;

receive, 1 response to the first message, a second
message from the other audio output device indicat-
ing whether the other audio output device 1s com-
patible with the audio output device; and

determine, based on the second message, whether the
other audio output device 1s compatible with the
audio output device.

10. The audio system of claim 9, wherein, in response to
a determined incompatibility between the other audio output
device and the audio output device, the other audio output
device receives a soltware update.

11. The audio system of claim 9, wherein the second
message indicates whether the other audio output device
supports at least one of:

the media formats supported by the audio output device;

or

the protocol versions supported by the audio output

device.

12. The audio system of claim 9, wherein at least one
audio output device 1n the set 1s further configured to:
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receive, from a control device, a request to form an audio
group with one or more other audio devices in the set,
wherein synchronized audio 1s to be output from the
audio output devices 1n the audio group; and

report, to the control device and 1n response to the request,

a determined incompatibility with one or more audio
output device to be included 1n the audio group.
13. The audio system of claim 12, wherein, after an audio
group has been formed comprising one or more audio output
devices 1n the set, at least one audio output device from the
audio group 1s configured to:
receive an audio stream from the control device;
determine that at least one other audio device does not
support a format associated with the audio stream; and
report an error message to the control device indicating
that the at least one other audio output device does not
support the format associated with the audio stream.
14. The method of claim 13, wherein the at least one audio
output device from the audio group 1s further configured to:
receive, 1n response to the error message, a soltware
update for resolving incompatibility 1n the format; and

forward the software update to the at least one other audio
output device for updating software of the at least one
other audio output device.

15. An audio output device connected to a network for
performing compatibility check, comprising:

at least one processor configured to:

discover another audio output device connected to the
network;

transmuit a {irst message to the other audio output device
for checking whether the other audio output device 1s
compatible with the audio output device, wherein the
first message comprises protocol versions supported
by the audio output device that relate to transport and
control of audio flow between audio output devices;

receive, 1n response to the first message, a second
message from the other audio output device indicat-
ing whether the other audio output device 1s com-
patible with the audio output device; and

determine, based on the second message, whether the
other audio output device 1s compatible with the
audio output device; and

a memory coupled to the at least one processor.

16. The audio output device of claim 15, wherein the
second message indicates whether the other audio output
device supports the protocol versions supported by the audio
output device that correspond to the transport and control of
audio flow between audio output devices.

17. The audio output device of claim 15, wherein the at
least one processor 1s further configured to:

receive, from a control device, a request to form an audio

group with the other audio output device, wherein
synchronized audio 1s to be output from audio output
devices 1n the audio group; and

report, to the control device and 1n response to the request,

an indication that the other audio output device is
incompatible with the audio output device.
18. The audio output device of claim 135, wherein the at
least one processor 1s further configured to:
recerve a protocol update for resolving a determined
incompatibility with the other audio output device; and

update at least one of the audio output device or the other
audio output device based on the protocol update to
resolve the incompatibility.
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